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Significance 
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In operation; curMne-generator units 1-4 out of service 

Strongly influenced by the earliest Niagara hydroelectric 
project, the 1901 Trenton Falls Station was installed in a 
spectacular gorge and was probably the highest-head con- 
temporary plant in the eastern.United States. A distinct- 
ly transitional station, Trenton Falls combined European- 
style turbines which- soon proved outmoded with prescient, 
long-lived choices in electric generating and control 
equipment. The new powerhouse, .added to the old one in 
1919, reflected'a generation of rapid development in hy- 
droelectric station design and equipment. Together, the 
two powerhouses survive as a powerful example of techno- 
logical and architectural change over a short period of 
time. The largely-original 36-foot-high dam evokes the 
regional magnitude of the station when first built. 

Proj ect 
Information: Trenton Falls Station is eligible for listing on the Na- 

tional Register of Historic Places. Niagara Mohawk Power 
Corporation proposed station modifications in the 1970$. 
As a result of project -review fey the Advisory Council on 
Historic Preservation^ the Now York State Historic Preser- 
vation Officer, and the Federal Energy Regulatory Commis- 
sion (FERC), Niagara Mohawk will tettove three or" the four 
original turfeiw-generator units and stabilise powerhouse 
foliations. HAER dedjmfe&atien Of the'station, required 
\by -.revised Article 35:rof f$RC license 2701 prior to such 

" 'actions?;" watt£e|fc4&t^\irfe February to August la93. 

e' fafrWtof MB ^gojcii^: ~ 
hael S. Raber 

^fcfcoer Associates 
, &0, .Bmic 4$; .$£ ''tymyqon* Iliad. 
South Glasionfeury, CT 06073 

Gerald We ins tain , 
Photo Recording Associates 
40 Vest 77th Street 
New York, NY 10Q24 

Hydrogmr ,hUtgyi*n: 
William F. Johnson 
112 Fountain Avenue 
Cranston, RI 02920 

Thomas R. Flagg 
Photo Recording Associates 
70 West 95th Street 
New York, NY 10024 - 
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Fart I - Historical Information* 

Trenton Falls Gorge, Resort Development! and Hydropower Opportunities 

Trenton Falls station was built at the lower end of a spectacular gorge or 
chasm on West Canada Creek, a stream fed by a series of lakes in the south- 
western Adirondack* about forty miles northeast of the gorge. The creek, 
which once flowed southveat into the Kohawk River through what is now Nine 
Mile Creek, was diverted sharply to the south and southeast at the present 
village of Prospect by a glacial moraine and now reaches the Hohawk at 
Herkimer. In reaching the Mohawk, enormous amounts of glacial meltwater pass- 
ing through the diverted creek cut through sedimentary rocks to create the 
gorge. Vest Canada Creek's drainage basin above the gorge is about 375 square 
miles, with a mean annual flow estimated early in the 20th century at 1175 
cubic feet per second (cfs). Until the hydropower development, the three- 
mile-long chasm was a series of eight falls which dropped about 330 feet be- 
tween the villages of Prospect and Trenton.,,Falls. . The Prospect Falls were the 
uppermost, with the others stretching'over a 1.5?mlle distance beginning at 
the present Trenton fcaJLs iap-gouA, -which-covers the" 20-to-30-foot drop of the 
Rocky Heart and"pa«ca^«Vof the Mhambjfa falls. The last five falls drop 171 
feet, past Village fail*, below the present "powerhouses. Trenton Chasm is 50- 
to-200 feet deep and very steep. The 3Q-to-£Q0-foot wide bottom has broad 
sheets of rock, ptfckad with numerous potholes craatad by tumbling, whirling 
boulders once suspended in the* ?s4cii$ln$ «a»Jt. Host of the chasm consists of 
Trenton limestone, a 3tK>-foot-thick serf** of strata of varying thickness and 
hardness. The hardar upper strata were quarried for building stone In the 
19th century, while the softer, more friable deposits were used to make lime 
for mortar before the advent of Portland cement.1 

The chasm's relative remoteness and magnitude restricted use of this consider- 
able hydropower resource until the end of the 19th century, but allowed the 
splendor of the gorge to become a major tourist attraction. There was no 
White settlement in this vicinity until a decade after the Revolution. By the 
early 1790a, settlement extending north from tftica included a village at 
Bar neve Id wast of the gorge, and a sawmill on the east side of the gorge at 
Mill Dam Falls below the present hydroelectric project dam.  Improved trans- 
portation links with the Mohawk Valley, beginning clS03 with a road to Utlca 
about twelve miles away, stimulated local agrarian commerce. By the early 
1820s, there were limestone quarries on both sides of the gorge, and a sawmill 
and gristmill on the west side of Village Falls. These mills became the focus 
of the small village of Trenton Falls.2 

Capitalized, undated references are to photographs in this documentation. 
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Cycles of transportation improvements paced therise and fall of this village 
as a tourist destination. The rapid emergence of east-west routes in the 
•Mohawk Valley and westward prompted development of the chasm as a destination 
for artist* and other eoena-eeeking travelers. Between 01810*36, stagecoach- 
travelled roads, the Erie Canal, and a carles of railroads linked Utlca with 
Albany and Buffalo.3 The route frost Manhattan or Boston across New York to 
Niagara Falls was pert of a Grand Tour by 1830. A decade earlier, the road 
north from Utlca was sufficient to start a small traffic in locally-guided 
tours of Trenton Chasm, with the beginnings of a network of ladders or stairs. 
In 1822, the Rev. John Sherman purchased part of the chasm and built a small 
"Rural Resort" Immediately west of the present powerhouses and transformer 
yard. Sherman had migrated to Barnevetd frpm ^nnecticut in 1806 to lead a 
Unitarian congregation, but soon sought -athet means such as schoolteaching to 
make a living. With financial backing from a farmer mayor of New York City, 
Sherman enlarged his Resort cl826 and further developed the attraction with 
stairs and a small refreshment stand. Although he died in 1828, his resort 
soon emerged as one of Aaerice'a premier attractions under the management of 
his son-in-law Michael &oore. Completion of the.Northern Flank Road from 
Utlca to Remsett in XM  spurred Moore to establish a link to the hotel, and to 
enlarge it to 100 rooms in 1491. asking it the largest hotel in New York State 
north of Utlca. Me hosted seme 7400 visitors the next year, and continued to 
prosper when the-Heck River and Utica Railroad opened in 1355, with a Trenton 
Falls Depot established a short distance from the village in 1856. Moore's 
success was a boon to the village, and led to a number of other smaller hotels 
in the vicinity. The status of Moore's Hotel as a national destination proba- 
bly peaked in 1663, when Secretary of" State William Seward hosted a number of 
European ministers during diplomatic efforts to isolate the Confederacy/ 

After 1880, additional railroad construction into the Adirondacks made that 
region and the St. Lawrence River's Thousand Islands widely accessible for the 
first time, end the resulting burst of tourism and recreational development 
soon diminished the market for Trenton Chasm-. The Mohawk and Malone Railroad, 
completed from Herkimer to Remssn in 1893, crossed the gorge between the 
Alhambra and mil Dam Falls, just south of the later dam.* The gorge became 
more a a tap-over or Gtainscap* then a resort for extended stays. - By 1896, 
when entrepreneurs, and engineers first looked at Trenton Chasm as a source of 
hydroelectric rather Chen recreational income, Moore'a widow and others in the 
local tourist business were prepared to end two generations of resort life.5 

The Mohawk and Malone ceased passenger traffic in 1934, and abandoned the 
bridge by 193&; the ftlaclr River Railway ..demolished- the Trenton Falls 
Depot by this Mm*, To-* meet .World War II demands "for scrap metal, the 
tracks and bridge we£ Trenton G^iaWwsre^remeved, leaving two large 
stone piers (Pratt and Pratt 1978: 20). 
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The First Phase «f Trenton Falls Hydroelectric Development, 1899-1901 

Initial Planning. D«fllyn«rfi. and Summary of Site Arrangements 

Detailed planning for the Trenton Fall* station began In the late 1390a, dur- 
ing a period of Intense development In hydroelectric power generation and 
transmission development, following the 1895 opening of the first powerhouse 
at Niagara Fall*, New York* :th* Niagara project, completed by the Cataract 
Construction Company, was pivotal because It demonstrated to Eastern United 
States financial interests H..th» possibilities of large-scale production and 
long-distance transmission of electrical energy and the special value of al- 
ternating current.," for tapping the, potential of hydropower sites far from 
urban or industrial areas.4 Cataract Construction, formed in 1689 to finance 
and construct.projects-of the Hiagara River Hydraulic Tunnel, Power and Sewer 
Company, had the backing. o"f major American financiers led by J. Pierpont Mor- 
gan, their success at Niagara stimulated smaller-scale entrepreneurs such as 
those at Utica who built the- Trenton Falls station.7 

Utica had a significant concentration of textile plants beginning early in the 
19th century, and by 1880 steam-powered cotton and woolen mills were still the 
major industries for a metropolitan population of some 34,000.8 Local pri- 
vate firms began making a team-generated electricity for lighting in 1881. By 
1890, demand for lighting and elactric railroad, power Increased beyond local 
station capabilities, stimulating new investor* to enter the utility arena. 
In that year, there ware three Utica power-making companies: Equitable Gas and 
Electric Company (a merger of three earlier firms); Utica Electrical Manufac- 
turing and Supply Company; and Utica Elactric Light Company. The latter two 
firms were the newest, and after the first Niagara powerhouse otened they each 
began investigating hydroelectric development at Trenton Chasm,* 

Others had ths^saa* idea, and by 1&99 £t- least five groups or organizations 
were presenting plans, or leasing wster* right4 in. the famous gorge. In addi- 
tion to the two |Jt^cs\u%il3it^,-^wi-sn^naer 3..Wv,Jenkins -- one of the 
earliest observer* of-the .chaiiff^ cfewe'r potential -^ and Hewley Fettibone were 
leasing water "ri^ts 'fforit t>ie "MWres"and other*.™ the Niagara Fells Hydrau- 
lic Power and Manufacturing Company, a purveyor of hydromechatflcal power unre- 
lated to the la^g*\^|^rahydroelectric, proiact, began generating and dis- 
tributing electsi*4*fe *S Nt#gsr* lit JUM) S8%- 1896 had developed a plan to 
tap Trenton Chasm for supply of power to Utica and to future factories in the 
gorge area-11 The last and most Important entrant in the competition for 
gorge power was the Trenton Falls Electric Ligftt and Power Company, organized 
in June 1899 by H. Jesse Brayton,. h\M. Sehench, and H.B. Sweet to supply up- 
country rather" than Utica market*. None of the aspirants had enough capital 
to develop the fihssa alone. Trenton Falls Electric managers soon succeeded in 
merging all competing Interests except those from Niagara Falls Hydraulic 
Power, creating the- Utica Elactric Light and Power Company (USLF). The water 
rights secured by Jenkins and Fettlbone, whicn included an option to purchase 
the Koore hotel and land, were crucial to development. Wallace G, Fhelps, who 
purchased Jenkins' and Fettibone's interests shortly before the merger, became 
a founding UELF director.12 
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Jenkins remained involved as chief engineer *f the project, but UELF retained . 
William A. Brackenridge, former chief engineer of the Caterect Construction 
Company during the flret Niagara project, as supervising engineer. The earli- 
est project drawings suggest ha was first hired by Trenton Fails Electric 
Light and Power Company prior to the merga? creating UELP.13 Other than the 
plane prepared under his name, few detail* of-the relative design roles of 
Brackenridge or <rthers have emerged in research for this documentation.. Other 
Niagara project Guilders, presumably introduced by Iraekenrldge, included 
Harry Hagaman, who supervised erection of electrical equipment at Trenton 
Falls, and the I.P. Morris Company, which made similar turbines for both pro- 
jects.14 

Although the Niagara influences on the first phase of Trenton Falls construe*, 
tlon were strong, as discussed below, J,W, Janlei^s' early surveys in the gorge 
probably framed some of the basic decision* ttade'tn capturing this tremendous 
hydropower. resource. There were three major components at the Trenton Falls 
project, which dafined all subsequent modifications made to die complex: 

a concrete-gravity dam with-auxiliary spillway and headworks, about 630 
feet above Kilt Dam Falls, designed for future- pipeline additions; 

nearly 4000 linear feet of 7-fo8fc*d.$emetec pipeline running along the 
west side of the creek to a point on-the bluff just east of the Moore 
Hotel; 

a powerhouse at the bottom of the gorge, 100 feet below the end of the 
pipeline, with four 1000-kw vertical-abaft turbine-generator units. 

The 56-feat-high 4am, located and largely designed b.y June 1899, added 52 feet 
of head to the 2H feat between the foot of the Cascades of the Alhambra falls 
and the foot of Sherman Falls. In 1899, this was the highest-head hydroelec- 
tric project in the eastern United States, with nearly twice the head of the 
first Niagara plant,15 Although their available flow was nothing like that 
of the Niagara River,*tHe acgas of their preset pr©%ably-4id the'Trenton 
Falls developers to hire Brackenridge, to assure- efeeteselves and their inves- 
tors; of success. 

The. Cnhftfr o-f.Treftfton.Faq.Ls ■Turbiaa>nAljElanf5ftaef Resign Decielofte " 

Selection of turfcih* 4sfe^.rj^*sy4de^..£g povmg gadgetion and transmission 
proceeded independently during Niagara project planning. This dichotomy per- 
sisted through the first phase of construction at Tremt*rt Falls, which was 
strongly influenced; by Niafswa-c^et^gn ^de^iHong.:^oV, results. The engineers 
and contractors.involved-In tth* ciC^^SKt^i voftstruction who worked on 
the Trenton Falls project c!899-1901 were probably responsible for the strik- 
ing contrast at the later project between prescient electrical choices and 
outmoded hydropower designs. 
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Hydroelectrieal generation began to emerge cl.38'5 as an offshoot of the then- 
dominant hydromechanical power transmission systems of all factories, steam or 
water, of the period. Before completion of the Niagara project* there was 
great uncertainty over the best means to distribute power over a distance of 
several miles from the point of production of the power. The proposals con* 
sldered for Niagara varied widely, including compressed air as used In Paris, 
pressurised water as. used on the docks in Great Britain, direct current elec- 
tricity and finally alternating current electricity. The choices were not at 
that tine obvious. Hydroelectricity might have emerged as the clear choice 
earlier had the proposals focussed mare an western United States than European 
examples. Mining and processing companies.in the Rocky Mountains and Sierra 
Nevadas encountered severe energy problems of a type not easily overcome by 
any system other than electrical transmission, and installed many alternating 
current systems in the 100-1000 kilowatt range on heads of over 100 feet be- 
ginning cl890.lA 

While the Niagara project resolved many basic generation and transmission 
issues on large new scale with advanced technology, "..several elements of its 
hydraulic, mechanical and electrical systems proved Impractical and were never 
used again."17 Hany Niagara choices in hydrepower and electrical equipment 
were already obsolete when Trenton Falls planning began. 

lurfrlno Ssltctlqn 

Summary of Turbine Type* 

Water turbines or wheels fall into tflproad categories:  impulse turbines and 
reaction turbines.    Impulse turbines slriv* power from the aiming of a free 
jet of water *?*\a «&$or or runner soiw/a^ltece away/ capturing only- the wat- 
er's velocity»V|# eoVttast, Reaction iurSini* u#e water pressure, with run- 
ners and gate> « np»4&^ in the water column. 
The impulse 'tgsita'fcj.k Egbsit suited-1| ^i^ier ftfad*fVafeaye about 100 feet, be- 
cause water vttoeX-ty at"lower heads is too s$aw to capture effectively.    By 
careful selection^*f runner type,  the reaction tv&tflne can. work at heads be- 
tween about 3 an£j&&. f*e£.    Todayf-ti« ■ch©leei-jl?etween impulse and reaction 
turbines oftett .depsn^Ss %n* tlw belied^bfef^^Kifrtator speed and unit capaci- 
ty.                                                                      "     .    " 

The most common type of impulse wheel is the Pelton, with the Girard and sev- 
eral others found far less frequently. Widely-used types of reaction turbine 
developed. In €he 19th century include the Francis (Inward radial flow), mixed 
flow (a Francis variant), Jonval (aitla 1 flow) , and Fourneyron (outward radial 
flow); 20th-century variants Include-propeller types such as the Kaplan (all 
axial flows) and some hybrid types such as cross-flows. 
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THE&fOH PAIiS- HY5R0ELBC7RIC STATION 

Watar control*, CaMa-d; ga$L»g><>r fta^ttltafcr q§ §h« two major tt#b&*#> catego- 
ries vary draaatie'ally'. - tfWi-th*" exception &f ttte-'GirarA* impulsa tturbin** " 
usually hava r*th#r simple nozzles,  the more sophisticated having tWedle 
valve*,.   Reacts turfetnaa r»"qt4ra -far more cosplex gating so aontr&l affec- 
tively botlj ^*tax ye^lu»* it^ 1&« proper angle of water and runner isladas. 
During the 1>^-iwstWFy, rutfeiift aateare ofcen tried a ga*a control type with a 
simple gliding eyliAdri^*l.fleave flio^t^ up w-down to eever or unco.var a-te- 
tionary gyfitfc vane* leading to tnf^ruftftar.' ^ aajer drawback of. thia cylin- 
der gate- i» that severe turbulenci .craa**^- a-t .pwr^lftl openings can ruin par- 
tial throttle performance. ' Despite wl3eap#eatf: andaSsSanding of thia. problem 
by the 1880a, cylinder gate* re«aiT^;^puUr, beloa^eV'*t«,od#fe aavings, and 
because on some typ*# nieh t^Pourntyron fleshing el**f;work*d.    On Franoie and 
other more;»o4»rn ^ftfttgne, * wi,cket\4|t^ ^£*tt|^,ayete« is weed with over- 
lapping'-ta^j^feW- gates ^irray*d a%J&* p«%l^ery^-the runner and linked so 
as to open cat clfi#«r togethar £ove5ft*ia&* /4Eff&i«*r gac« systerna f *«*n on 
Jonval tvp»sT contiai of a p*ir ^ ftotte^t-vfltatul J$*fc*« abo^e tha runner 
with identical aftgk #f *jMt$in§£\.W t*s|uf&bt*-r  the-^rp*r plate'rotates-, ad- 
mitting water t»; the>xt*nt fetett tha wo'riaia-of .ap^nisga. *r* in alignment or 
regie tared.    Anal<^f>« dtel»*l£« "Controla e*& b* g*to'tji^cevtiaif»cs-«f tele- 
type* powder.        >„,- *-.*<■..""''-"' 

The Pel-ton- is the airiest impulf* Mp*4 fci*£c#llv consisting only of. a nozzle 
and a wheel with d^ubl*-a^«on-1& ,g^» ,aoua^|d 'sjtg&gfy on the wfeeel circum- 
ference, Tfee 'eirari-i*;,5«- ra$^.-0twird .fits* machine, with nozzles 
or gate* mount** wittiitt the mj^t^^ii'^^^:'^v^aMHt -flteVA' rotor Vith cylin- 
drical or eegment" blades attac^d'.iappecxiteaiely perpendicular to the circum- 
ference. %* 

:ft*!%**:- 

Verbal deacriptien* of reaccion turb^nea *re-nore^idtffidult.    Th* propeller is 
the sinpleat. af f3*2tfiJfejftM t^ine*;.^Qs*S*fia|'Vf pr*s*liera <similar to 
those uaad oft btie$*) aet in a j$sse;$JB|[jfe water flo-Kpi^ailel. to" th« axis of 
rotation,,   l^ancia e% m*^*tl^l^^»'^»^t«;:wi:t!« ra4i:isl|y' *t©n& $h» casing 
circu«fer*ace .*i;'rji6^^#l^;^^a^^ o^.;rot?a.tion,. and-bend water flow 
downward .far dtttlkfrge. |te£rf&j£ii$$& &;*&?*&&.;* :&,t£fafr'&km*t eoaewhat 
resembles th» •fcgtxi^-^tt e^ tha^nval eom- 
binea softa propeller and Pr*nMiM»«$urM>:'-*WS w»te;r, flow parade 1'to the 
axis of rotation,-hut wit& *t^3^:r^-gui^^^--abo^r-che rotor; and « regis- 
ter aechaniam to contr©! flow.. -1&a Poijyfnl^^ii.-ia'-tomftwha't likaf Francis 
turbine tum»d-iftslde out.. Mtipuft m^*$hk$^ t%a middle, pataljal .to the 
axle, and turns q&mty degreea to 'e*i.t>ti*-';^nt»r/r^»ii;iy.    Typical Fourney- 
ron gating l»ci#ee A cylinder mount*d «|p|ld« "£Ke runner.    Rutmer g>ottet:ry of 
Girarda and hybrid crosa-flow-t ,^re very^ei^U^r, 
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tflMgar* Turbine Choices Releted no Trenton Fellg Design 

Swiss firms and consultants dominated the da sign of the first Niagara tur- 
bines, choosing units with, vertical axes and y«rtically-mounted generators. 
The final dealgn used a aarie* of 5000 hp Fourneyron double-runne* outward- 
discharge type* Ilia.** vara than tha large** electrical turbines in the world. 
Faaach and Placard of Ganava did tha drawings, but I.P. Morris Company of 
Philadelphia built tha Fournayrona, largely to avoid freight, tariff, and pat- 
ant problems.** Tha Morris firm was established In 1828 and began building 
turbines in 1851, when it made seven Jonval wheels after the designs of Emile 
C. Geyelln for the City of ^ilAd^lphia Fairmont Water Worke. Those machines 
were reported to have bean in etrntifcuouaf auty operating pumps for tha city's 
water supply for 60 years. - Morris apparantly always specialised in large 
machines, and.usually built machines daai;gn*d;-fftr a specific project rather 
than "stock pattern" or standard design vtfiit*. In 1891, tha firm became a 
division of the wMliam Cramp and Sons Ship and Engine Building Company.19 

The Fourneyron was by the 1890s a relative dead end in water power hardware 
evolution. Introduced in France In 1827 by Benoit Fourneyron, a turbine of 
this type was installed at St. 81*is«» Svitaarlaad in 1437 at the then-high 
head of 72 feet. fclwood Morris■ (apparently no direct connection to I. P. 
Horris) .publicised the da^lj^'t-n the United State* cl839-42, and designed and 
built several small Fourwyron* in the FhiladmlphU area. The firm of Robeson 
and Kilburn built aeveral mota^in the Fait RtTtr, Hassachuaett* area. Uriah 
H. Boyden built a modified Foumeyron flf hi* own design from 1844 to 1848, and 
became the principal builder of Feuraeyrona in tha United States, eventually 
making some aa large a* 700 horsepower at-33 feat: of head. In 1847. Jamaa 
Francis, chief engineer for the Proprietor* of Looks and Canala at Lowell, 
Massachusetts, appa*«Btly aaw many of the littltattona and probleaa inherent in 
the Fourneyron ©u^atd discharge design, and, developed tha modified Howd in- 
ward-radial dtsoharg* machine thAt now b"*ars h±a name. The Proprietors of 
Locks and Canal* purchased tha tight* -to build j&eyden's designs the next year, 
and by 1A58: Installed 58 units of Franci*''daaigti, producing over 12,000 
horsepower.80  With change* and improvements by several ether designers and 
engineers, the Francis become the "dominant Aiaert^an turbine type by 1-870 and 
in the world by 1910. 

Jama* Emerson, operator of the famous Helyoke Test Flume on the Connecticut 
River at Holyoke, Massachusetts, personally oversaw the tasting of more dif- 
ferent turbines than any other American. Re had little but acorn for the 
Fourneyron style In his report of IS9A-J -* „     ; 

"In the putcha*% «f t^a. tiu*ifi*\ m^e ignorance is displayed than a 
wall-wtaW ,df-Hi^ raee liWea B^ieknowle^lie* dormant in the average 
buslne**>m*iflwv;[£]v*ryifeteil^«*nt ti^biaav&ullder knows that of all 
wheels the-outward discharge is the motft difficult to get just right; 
also, that fcood part gate results are impossible with such discharge."*1 

s 
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Exactly how the Swiss convinced the NUgara/Coiamisaion tn 1892 that thelFQur^ 
neyron sty la was the best for their situation may never ba known,  but it may" 
relat* to their employment as a principal technical consultant Theodore 
Turret tint/ an'e^laairvfro* Geneva, the hone town of Feesth atuj Siccard, the 
eventual. *innetts .^ i^Jiurbine design,    The optio^^f^swatid to,v^i* Niagara 
Commlttta*. included- «£*Ue*t twe that htindsljjte; 4»3mMamuk haw bean auch bet- 
ter than ftha reute chosen.    One, fro® fel ton fegtag J|$tfl Soapany of San Fran- 
cisco, followed the established praotice in ftes**m A»e*ifiai\ htih head #ites 
of using the tangential iwpulee turbine commonly called the Pelton tfheel.. 
This type -had, an excellent reputation tb^MUki^y and reliability gained in 
hydifotnechanieai systems over the previous thirty -fwv* and feacauMKdooinant in 
high head site* (ov*r,,^00 ft, ol head) worl&^de 4K»$915.   The Pelton entry 
for Niagara p*c^e^|*r$a multiple ru^a^suitipl* feiE«i» units.   These ware 
rejected parfci*ily tifftt «£ anxiety over ti£jp&fm>* ability to mak* large output 
units, arid partially because tth* ^ptanneraj h#J already daiidad en fcentratare at 
the top' of the fills with long: ^i-vaahaftS: coming i%*ftwm. verttcalra'xis unite. 
Another Niagara entry, fram che Stillwell^Bier^t Company of Daytok, Ohio, in- 
cluded Franci* turbine* tweh like those iwtaliieiv^y Stillwell-Bieree'* sue- 
eaesers, Piatt iron Works", at Trenton Falls in i#3^:** 

The Foumeyron turbinea at Niagara Powarho^tsa/*** >,proved to be inefficient 
when operating at part gate,, suseeptibla '^.oio^^c-freai Wash, and excess- 
tvaly large and complex ralativs ;to their *f$M$ jtfEpait.   They were replaced in 
1910 with Francis units, sifei-la* t^ ^oa»-^li«t*lleit;ft the'second Hiagara pew- 
erhouse al900-lWi.a   the £*&ter units were orf*vs& shortly after four rour- 
neyron unite were: orde^. for the' Trenton F%U« development-, as "discussed be- 
low.    In les*,jfein five yeers afta?:the-|irs% ^*ga«a^4n*talla^nt Fcaameyron 
hydroelsctric ■perfor#in^* had ?f^van tovfe«o. llfitfced; *fta* littte-original 
design work was aver fti^ fajfitr&il style'ag*in.  ", 

0e*ig« of th0 First Vtwiftsf Jfel&s: Turbines 

The reapectiva Qotttrtfeuttotw o.f various hardware designers to Trenton Tails 
Powerhouaal. remain- somewhat obscure.  "V£*TS£- iater.,- ^llia*- Monroe White was 
credited with design of the. l?i$*h.£r twfiij$&m~'ii^ '^istf&g t&a main gener- 
ators, and of-the two. 1(^ :ft:,p. €$&%*$ &*$>&&*. used ty? drive two esoiter gen- 
erators, under the oWfall su^s'rVialo^ of «e«c|afBt«ckenrl4|e*a >$ha histor- 
ical context erf the $s^l$9rt*#« ^fths .flioje- linSs between the ftrat Niagara and 
Trenton Falls projects, "and, s, sfi^lf not* at th* bottom ©£-one of the-'drawings 
sent to Utica Electric Powet-^..ti|ht by} 1. P;. *rri$-stating "Traced PDK 'from 
Faesch eftg Placard Print 3204," all-ii^i^% thafr Rita's, work on at least the 
Fourneyrons inv^X-wd sodification. r-aftheir th«B co»pl*tely, original design.25 

Given the availability of the t&as*ra Falls j^artteyron drawings in the shops 
and offioea of I.P. Jfet#is in ttiifadslphl*, whilf. t3*e^ war* building the Niag- 
ara units, and Bra^cJ^nridge's oloa* work wiifc }$J»&&%' #Sd Piccerd te#r«**nta- 
tivas, it would hav* been sartor him fa &§&<**?■&+£** $wiaa drawings of 
the turbine internal gson^try as abasia for assigning fbe~ frent«» #*U* 
units.    There are some significant differaji&esv,between the Niagara and"Trenton 
Falls Foumeyrone; however, aside from thefa%tl^r output (-1769 h.pt vs, ^300 
h.p.) of tha latisr ^ii*ft;ttha Nif^ra turl>ln«si^ ^f-fun^ers on a comnon 
shaft, the -water path M^thua Qapln^^wa^^Wlllgt^'frftl^r; prebleais of thrust 
compensation war^^a|:|wly^a^leVlate#by^h* bl£att«»between t&m two runners, 

SV''* 
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and the head was significantly lower at Niagara. Moat of White's efforts 
probably went Into the housings, throttle and governor Interface of the Four- 
noyron* and their Forcer-Allen governors,' and the' design of the Glrard tur- 
bines for the exciter generators. 

Evan more so than the Fourneyron units, the Glrard turbines represent a dead- 
end of a particularly European, Victorian nature. Invented in France by ei- 
ther a Madam* d* Glrard in 1843, or by a t.D. Glrard in 1863, the Glrard type 
(also referred to as the nCr type) achieved Halted success in Europe during 
the last third of the 19th century.16 Glrard*-were used in the highest head 
sites in Europe.In preference to the American Stlton design, regarded by some 
as crude. Glrard* in the United States remained comparatively rare, although 
the $tllw*ll-Blerc« and Smlth-Vaile companies In Dayton, Ohio and their suc- 
cessor the Flatt Iron Works (makers of two later Trenton Falls units) built 
several Girards with up to 1000 h.p. and even equipped them with draft tubes, 
rarely seen on impulse turbines.27 

European high-head turbine design followed a different path than seen in the 
"incubator period" of American designs eXESO-SO. Glrards In Europe were in- 
stalled at head* In axe*** of 1000 feet by tlMKP. Flecard, Flctet and Company 
of Geneva,, successors to Faasch and Pieeard, built units up to 2000 h.p. for 
use in the Alps and other high-head European Installations. In contrast to 
the Trefttjen Fail* $&r*rd*.i with vtrtUal shaft*, most other early-20th century 
example* have hor£**nt*l shafts and elftpler, lighter housings, often part 
steel fabrication rather than cast Iron.28 

The Glrard design suffered from Inherent design requirements creating diffi- 
culty getting water cleanly away from the runner, resulting in low efficiency 
at certain flow rates and speeds, and. runner, pitting due to cavitation. These 
factors contributed to the eem&erctal failure «£ Glrard* * which by perhaps 
World Vat t were not used In new American -Installations. * Glrard turbines 
never enjoyad even the brief heyday of the jdurmeyron in Northeastern textile 
mills, and American Installations probably never exceeded a few dozen. Moat 
hydroel,e«tri<x-«jid w*t:er power engineering boolt* do not even mention the genre. 
At t^'tEbserntf the first Trenton ^alls development, the Glrard appeared to 
fill a perceived gap between eh* Francis, believed to be effective at no more 
than about 70 feet of head, and the Pel ton wheel generally used at heads of 
over 500 feet. Hampered by very elaborate internal chute* in a register gate 
scheme, and the need for great preciston.in manufacture, the Glrard simply 
provided too 2ittU'$or its cost. Whe^ the;-#ull^t*ntial of the high-head 
simple-flow.jrancts 4as^realUed, ^an4^the^Caln*^ p&ttt  at Ithaca, New York 
confirmed tn^;flfxib^it^ty. o#^l*pn#>^^w^Va6 feia^* a* low as 125 feet, 
there was little n«ad-for-tWGirird. - 

The Trenton Fall* use of Glrard* is somewhat hard-^olj fathom, except as a means 
to avoid patents and^cg,,licensing #e«. .-N S4nj:e\ £hay Wirror the water flow of 
the Fourneyron* <rad£aEiy outward!)', 'dk*y**ty news al*$ emerged from the Faesch 
and Piccard designs available to Morris. By 1904, the two Glrard exciter 
units at Trenton Falls were supplemented (or largely replaced) by one simple 
Pelton that 1* fully functional without repairs 90 years later. 
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There Is no cr«dibl#/>»vid«nc* for an evolutionary link between th« Gtrard and 
P*lton designs, especially given the very complex operating mechanism ot the-'1 *■ 
^Oirard. The Trenton Falls developers"apparently rejected what, with hind- 
sight, appear* as a ffipre viable option for all turbine requirements, a propos- 
al from the Feleon tfatervhesl Company to,equip the plant with an unknown num- 
ber of multiple,^unne^,Pelton units, ea^jf-.900-12(^0 h-.p., with dual nozzles 
and nearly Infin^^'t^fepttling oepabilltff .**■ tfcese^wire horizontal axis 
units similar.^^rtn»'s^l«oft^h^^tk*tw«4^ &* African Wast, many at far 
higher head* than Tr«t£*i /art* \' ^  S w '-• 

Aftar thalr success, at Niagara Station No. 1, Md^xis.built the turbines for 
Station.No. 2, this'^i^ of the Swiss 
Escher-Wyas and di^y. v^l$;i^|dBj|$i^'jfe^ «r%niitional period from Station 
No. l*a Fourneyron, machines to Station No. 2'a Frana^a m*ohine« that Morris 
built the turbir»* for :Tr*nton Falls.. The tren&oa Fall-* Fourneycone were pro- 
bably the la»t-«#.j»or units of this style 1?til It by Morris -• or anyone else -- 
before the firm o©ne*ntrated>n Francis turbines for high heads, and later, 
propeller turbines/for low heads. The Ttfetiton Falls Girards appear to have 
been the only one* #erris built; most of the few other American-built girards 
were toade by Plate Iron Wstka or their predecessors. 

Elgofcrisil Sonsming «fl Tm<BUftlfin,&yiitfliig 

Beginning in 1889, when the C4tat*ot Conatructiott Company asked Thomas Edison 
to comment on electric power tr arismfM.i«it-*t Niagara, there was, intense Ameri- 
can development end expariment*elo?t'.^pi eLsetrlcai. «^*r*tion atwl transmis- 
sion.31   Continuing thrown the esrlifst, **•%&:$**%*£ itTtjtowou Ifclls, con- 
struction of hydroelectric stations reflecced the conflicting design philoso- 
phies of many en|ineers and men^facturera.  ' More tapidJ.y-evoIvi^g than tur- 
bines, electrical systems .were in such flux that lifee .Siegera design influences 
were very .epheaera:^.    At Trenton £ails, de*igrt|.r* tfta^l particularly modern 
choices which enhenc«4 the first station's funetiehal longevity. 

The main Issues 1ft' the 1890* electrical debates were what kind of electric 
power would be generated and ho* It woul^ be tranamitted.    Edison's comments 
on Niagara 'bwgan a fierce iSabttm,  ftit? revolving en the question of whether 
the transmission .ehoyld be iti'iiVect .fiiir^nt or alternating Bur rent.32   The 
comparatively 90a? economics of the Edison thr^MraV.Be system was soon- ap- 
parent to project planners, who wisely l«*n»d toVards AC.    A secondary debate 
ensued on hoy to generate and transmit. AC plover.    One question involved 
single* vs multiple-^iaee generation; and ■eranwfti.ssion.    Niagesra engineers 
chose 2-phaae generation which- simplified gsn^fator design and later adopted 
3-phase for their transmission to Buffalo. . Erequency of current was the next 
question:, they chose 25 cycles per second: Jo$«) / favored by looal industries 
and Buffalo traction lines.33   Transffilsston voltage was pegged at 11,000 
volts, high enough to secure economy without undo strain on insulators. 
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The Nie^are. project was th#-iil«ctetic«.l worid*r of the period but as ait example 
It vu not clo*»iy/.foilow«d, Trenton Falls was developed just five years' lat- 
er, but it waa five years of new development that rendered many of the elec- 
trical features of the Niagara station* obsolete. The four original main gen- 
erator*, at Trenton'Falls were wound for 3-phase, 60 cps, 2200 volt AC. Trans- 
former* stepped this up to 22,000 volts for the 12 mile transmission to 
Utice.54 Hydroelectric projects in the western states had shown that large 
savings resulted in very high voltages, and Utiea Electric Light & Power fol- 
lowed this lead.35 As first built, Trenton Falls was essentially a modern 
station, reflecting the rapid consolidation and standardization seen in elec- 
trical manufacturing and engineering by 1900. * 

During a period o.f continuing new advances, station designers struggled to 
find the right combination- of current, cycles and voltage for economic viabil- 
ity and a long life-span {Table 15. Sometimes they chose well in one area but 
not in others. One influence of the Niagara plants was a mixed standard of 25 
cps for railways and power but SO ops fet-lighting circuit*.37*, Poor econom- 
ics of providing two di'fffatatft frequencies led to a search for a single com- 
promise figure ...but there was little agreement and cycle* varied from 25 to 
120. Customer* needing different frequencies were supplied by substations 
with rotating.conversion mj^h&ie*^' By 1,9.00, however, a consensus-developed 
that 60 cps served most purposes; 25 cps plants built Afterwards were usually 
dedicated to railway electrification.3* . While perhaps not including any 
"firsts" in the history of electrical engineering, the initial Trenton Falls 
design brought together at an .*frly date many of the modern features seen over 
the next century, - The" choice of Vjfhaee, 60-cycle, high-voltage transmission, 
which has become the industry St*n4»3?4, undoubtedly contributed to the longev- 
ity of the station, end the fw0&riel.ihere of the fouir General Electric um- 
brella type, 1000-kw tdpin generators and twp Oen*r*l Electric vertical, 85-kw 
exciters. By contract, the Ce>$*ra<;t Construction Company retained 25-cps 
11,000-volt transBission for -the 1904 flisgara Powerhouse *Ke. 2, which lasted 
only sixty years, 

Conetyucfclan 

Construction at Trenton Fills began in September* 18$9 at the dam, and proceed- 
ed on a round-the-clock basis with a work force- of up to 700 men. Workers and 
engineers filled both re#ort;|wteis at the .gorge, and a shanty town covered 
the former Moore Hotel picnic ground.46 The ctaffl,'built by the T.A. Cillespie 
Company and discussed more fully in HAER .No. *ft*i33-s>, required some dynamit- 
ing for the main spillway eno% sspecially,; the auxiliary spillway where 30,000 
cubic, yards of rock were removed. Work at the dam took the liver of several 
men. Ffcom the dam, the tf*rren-Bfc£nham Company built the 7-foot-diameter pipe- 
line, with, sections of iron-banded yellow pine and steel. The powerhouse was 
the last major component completed by u£L'P, and included- removal of several 
thousand cubic yards of, reck from tb* bottom and west »ide of the gorge.41 A 
steel-framed structure with a hipped red' tile; roijf, faced with exterior Gou- 
verneur marble end interior pressed brick, it presented a more embellished 
appearance them many contemporary hydroelectric plants, befitting its owners 
sense of the development's importance (see HA|R No. $JY-155-A)/2 On April 
18, 1901, the plant first transmitted power to titles for traction, manufactur- 
ing, and lighting.43 

"•*W^': 
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Initial Operation* and Plans for Expansion, cl901-1917 

A powerful December 1901 flood In West Canada Creek washed away the Mohawk and 
Malone Railroad trestle below the dam and the last of the small mills in Tren- 
ton Falls Gorge, but left the. dam and powerhouse undamaged.4* Despite some 
turbine-related operating problems discussed below, UELP found the plant an 
Immediate success and began plans for market expansion. The company also ren- 
ovated the Moore Hotel and Kuyahoora House shortly after construction ended, 
hoping to recapture some of the tourist trade, with indifferent results.45 

In 19021 UELP merged with the Equitable Gas and Electric Company of Utlca to 
become Utica Gas and Electric Company (UGEC), with 145 employees and 8000 gas 
and electric customers. By 1906, the UGEC service area Included Utlca, Rome, 
Ilion, Herkimer, Mohawk, and Little Falls,  In 1907, UGEC bought out a number 
of other firms, including Herkimer County Light and Power Company which ser- 
viced Ilion and Mohawk .*V 

The Trenton Falls plant was designed to generate 4000 kw at 2200 v., in four 
1000-kw units with a maximum generating capacity of 4800 kw. The Utlca elec- 
tric market was smaller than this capacity when the plant opened, but UGEC 
soon recognized a need to increase plant capacity as well as market area. In 
theoryr greater available demands by residences, commercial and industrial 
operations» and street railways over larger areas increased load and diversity 
factors.* Before 1905, UGEC proposed Increasing the Trenton Falls station 
capacity to 16,000 hp (about 9000 kw), and developing a 6350-hp plant upriver 
at Prospect plus a 3000-hp plant at Enos on the Black River, nine miles from 
Prospect, Irregular seasonal flow on West Canada Creek made such plans im- 
practical without additional reservoir storage, however. In low water, Tren- 
ton Falls output often fell to 1200 kw, a deficiency recognized when the plant 
was built and countered by installing two steam stations in Utlca with 8000-hp 
(about 4600-kw) capacity to back up Trenton Falls.47 

After studying the storage problem, UGEC planned to build the Hlnckley reser- 
voir four miles above Trenton Falls dam, and purchased nearly 2000 acres of 
land for this project c!905. Shortly afterwards, New York State plans for the 
Barge Canal system were announced to include a reservoir at the same; site, 
leading to state appropriation of the reservoir land and a delay in reservoir 
construction until 1914. Hlnckley Reservoir allowed for full capacity power- 
house operation during peak load hours, and renewed plans for Trenton Falls. 
The increased industrial demands of World War I, including foreign munitions 
contracts pre-dating American entry Into the war, quickened UGEC interest. 
With the prospect of an agreement with the state to regulate Hlnckley Reser- 
voir discharges,  In part to compensate UGEC for appropriated lands, the utili- 
ty decided early In 1917 to expand the station and began work in April.48 

*Load factor Is the ratio of average load to maximum load; a higher ratio re- 
flects more complete and profitable use of available generating capacity. Di- 
versity factor is the ratio of total customer maximum demands during a given 
period to maximum demands at transformers at a given moment.  Increased cus- 
tomer diversity tendfed to increase load factor (Hughes 1983: 217-18; Hunter 
and Bryant 1991: 2?6*d3). 
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There were few documented modifications at the Trenton Falls plant before 
1917, The baate operating regime was greatly simplified by the fact that, for 
the four relatively small units originally Installed, there was usually abun- 
dant water at a nearly constant head and with constant tallwater conditions. 
Plant operators probably soon discovered the primary shortcoming of the 
Fourneyron units, their serious loss of efficiency at part gate, and simply 
elected to operate them at full gate or turn them off. By so doing, they par- 
tially eliminated problems of abrasion and high pressure encountered in using 
penstock water as the operating cylinder fluid for the Porter-Allen governors. 
Rather than switch to a more common cylinder fluid of pump-supplied pressur- 
ized oil, plant operators by 1917 piped in water from a spring several hundred 
feet northwest of the powerhouse, and pressurized it with two smell I.P. Mor- 
ris centrifugal pumps dtive-n by penstock-wacer-pcvered Pel ton wheels mounted 
in the basement gallery next to the river (see HAER No. NY-155-A).49 

The two Girard exciter turbines also developed some problems soon after power- 
house completion, because in 1904 they wet*.supplemented by a 115-hp Pelton- 
wheel-drlven generator.1 At approximately; the same time, a type of spool-valve 
was added to the <U^ar&^0..co*i$x*l water'-flev better. , It is possible that 
the internal register-l£to;-m*v:ha^l^m was cauetng t^oubf*. The most obvious 
potential problems wttE Ch* .Gijrards'-w*s\cJtteir v^niswbtUty to even small 
pieces of trash in tsh* penstock water, caused by the small size of the water 
passages in the nozzle and regulating valve, and aggravated by the difficulty 
of opening the turbtne^c^fin$;t?o"-^1^0\t^« :Vatp».r passages of trash.50 

Design and Construction of the Second powerhouse, 1917-1921 

The second Trenton Falls powerhouse, still referred to as the "new" powerhouse 
by Niagara Mohawk personnel, was designed as a completely independent addition 
to the old powerhouse with over three times the electrical output. UGEC ran 
the old powerhouse through the new construction, thereafter operating it as a 
standby plant usually turned on during high water periods.91 The initial ex- 
pansion plan, not fully executed until after the 1919 completion of the new 
powerhouse, included these major components : 

modification of the dam and headworks to feed a new pipeline, using in- 
takes set in the original dam base and a new high-level intake; 

construction of a 12-foot-dIameter pipeline parallel to the original 7- 
foot-diameter pipeline; 

construction of the new powerhouse, structurally tied to the old one, 
with three 10(00O-h.p., 6400-kw vertical turbine-generator units (units 
5-7, continuing the numbering of units 1-4 in the old powerhouse); 

rebuilding and consolidating electrical controls In both powerhouses;! 

installing an outdoor transformer and switch yard on the bluff above the 
powerhouses, with transformers which stepped up generator output to 
44,000 volts' and fed two transmission lines to Utica and one to Rome (see 
HAER NO. NY-155-A). 
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Design, gwnfoterflSloni'- 

In contrast to the> design Issues narking the first .period of Trenton Falls 
development., by World War X there was far more standardization in hydroelec- 
tric power pte*j"|4|^t" yp^r*«ngit|e)i|:;B^r6M ^fiftutte supervised several consul- 
tants and contractors in a relatively straightforward series of major design 
decisions for the new powerhou**,. ^ The aoat cample*,, discussed in HAER No. NY- 
155-B, involved the dan headworke interfa** with the new pipeline. 

Turbine-Generator Units 

Rational turbine choices cl914-17 were relatively clear. UGEC selected Ameri- 
can-designed and -built, vertical-shaft, wicket-gate Francis turbines, with 
spiral inlet cases and top-mounted We&tlnghousa 6400-lew generators, as the 
best installation for the power output desired and the available head. For 
plants of higher he*d or smaller output, a Pelton could have been an equally 
good choice, end *dm* might have favored Girarda, but by 1914 the Francis 
nearly dominated the' 50-tb-5Dd-fe&t head rang*. Instead of the separate tur- 
bine-driven exciters used for units 1-4, the new units were installed with 
integral top-m©unted 125-kw excitera above each generator. In most respects 
these units are «* afttfftttt as unit* designed today; this technology advanced 
rapidly in the short time between the building of the two powerhouses. The 
Lombard oil-pressure -governora en- turbines 5-7 c lowly resemble modem units, 
even though they were partially upgraded later with Woodward flyball heads and 
oil pumps. Relative to later .practice, che only somewhat eccentric aspect of 
the units 5-7 was the waterpowsred hydraulic cylinders which opened and closed 
the original gate valves. This was * simple way to operate the valves, but 
may not have worked well with mid-20th-century electrical and electronic con- 
trols; mo,torix*d butterfly valves later replaced the hydraulic cylinders. 

The designer(s) of the turbines 5-7 are unknown. This is not unusual, since 
design criteria for Francis turbines of this head and output were well known 
by 1917. Hiegara Station No. 2, built at tha turn of the century, laid the 
groundwork, and essentially every Other -site of over 1000 kilowatts output at 
heads over 100 feat followed suit. Except for installations on the edge of 
technology, t*w day of the turbine designer as engineering celebrity was over. 

UGEC had turbines 5 and 6 installed in 1918, when the new powerhouse was under 
construction.'2 Platt Iron Works of Dayton, Ohio, builders of these two tur- 
bines units 3 and 6, provide tfti interesting contrast with the I.P. Korris Co. 
Platt evolved from a group of skilled turbine designer-builders in the Dayton- 
Springfield, Ohio area, including the very prolific James Leffel & Company, 
the Dayton Gloie Iron Works, and Stout, Mills and Temple. Platt's immediate 
predecessors ware the Stlllvell-Bierce Manufacturing Company and the Smlth- 
Vaile Company, both maker* of the Victor brand turbine which "..resembles the 
HcCormick pet tern" of -mixed Clow Francis runner.ss These firm* merged to 
form Platt o!906, Both Victor-makers were typical of small American turbine 
firms of the late 19th century, building the so-called "stock-pattern" or 
"American" mixed-flow runner, Francis -variant turbines with most design work 
done on a cut-and-try basis utilizing the Helyoke Test Flume to sort out the 
improvements from the failures. 
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** Stlllw«ll-Bi»rc«-1«* not*bl« for auljmlttlng afcld on the turbines for Niagara 
Station No. t,^and .cl903 .-offered a high-pressure turbine for head* of about 
70-700 feet to £111 the gap between the mixed flow reaction turbines and the 
Pel ton.-54   Thia work appear* to'repreeerit a break with the earlier non-scien- 
tific practice* o£;.6ie coapany, which as reorganize* wee able -to win the de- 
sign and eonatruftt^on contract* for the lQj$Q&*h..p.  wit* of the second Tren- 
ton Fall* pQwerhou^*.^'i^att'* largest ot|erHdfcntifia4 units after Trenton 
Falls ere 10„OQO;--h;^ >yh)&i&*.U9fQ&t* ^umnis^£aif;£ha School St. plant in 
Cohoes, New Yo^fcalH tplV*fc*\t'l«tf^T*i f$«<$eseesors were also per* 
haps the primary' American mfke>* of-tA% ^«rafd/:bu^iny unit* as Urge as 
1000 h«p. 

-*<-- 

Unit 7 was Installed in X9?!',, a*fti|i4e»|^|^^f «t§e new powerhouse, and a new 
high-level intake at the daau Unlii* the *&apie elbow draft tubes of units 5 
and 6, number 7 has * more complex Moody sp^ejMing ein* or concentric draft 
tube, developed through exteaslve t**tting, to'-i^rea#* h**d and reduce cavita- 
tlon. The draft tubf' end an improved funtj*?r;'?f#r« Credited with giving,ttolt 7 
a capacity, of 8Q0O fag. rath*? tfe*&: *%0O\** ^e'different draft ta&amay re- 
flect some type of eatly cavitetion problem* in units 5 and *, 

The Hamilton, Ohio-based Hooven, Owens, Rentschler Company, builders of tur- 
bine 7, originated In 1845... The firm manufactured a wide range of industrial 
machinery end steam engines, and *p*ct*li*#d in large Corliss »teaa engines in 
the' late 19th century beffire entering tha tutbine field to retain electrical 
generating *«&£$*>*& balnea*. - la 19$*, > Bsargg* with the Nile* Tool Works 
created the San*^^1l*$b4ftary Corporation.57, ' 

Ocftar H^Jpr Componmtx ' 

The new powarhouaay described In HAER No.. NY-155-A, is a steal-framed, rein- 
forced concrete structure with' aflat, p*rap*£*d roof. With- remote control 
switchboard* lotta$ejd.on a ienerator-floor aestanine balcony and * low upper 
story,- it was w£*ie% typical-pf pos^^ttie^IjtutU after ol910-13 in New York 
State,, as were most 1917-21 addition* tothe-aoaiplex.5* 

ggnatrufiUon 

The largely wartim* construction program Was hampered by severe 1917-1ft winter 
condition* and muoh labor turnover.   .The U.S. Structural Company, acting as 
general contractor, hired over; 200$"£*^1* td-fill about 20fc job*.    As with 
the old powarhouaa and.-dam eonatructioh in->£&99.-l901, bsth hotel* -- still 
maintained Ijy UBEO-- were filled, and a shaiwsytown. area* at the junction of 
the railroad creasing of the. got** *«*> na*r*^-'|*^g« built to serve the con- 
struction, project, : K&ttuity guards ftpp#*red, reflecting the-wartime sensitiv- 
ity to ■abctag* of power installlttioti*.   T^atr were' particular problems with a 
pipeline connection.   ,0**plte t^WdiffiouiHea, and the need to excavate 
thousands mere cubic yards of rode for the #werhouB»r units 5 and 6 ware 
started In September 1918 and March 1919, respectively.    Soon- thereafter, UGEC 
concluded it* agreement with'tine state on regulation of Hinekley Reservoir, 
built primarily to serve a Barge Canal feeder Which tapped Meat Canada Creek 
immediately below the powerhouses." 
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The delay in installing unit 7 until 1921 reflects water intake problems not 
fully addressed until the early 1930s; As detailed in HAER No. NY-155-B, the 
1917 plan included feeding the new ^-foot-diameter pipeline with two 5-foot- 
diameter. intakes built into the. da* *cj,8$9-1*900, and with a High Level Intake 
immediately northwest? 0f;tshe' dam. As executed, ;the pipeline was connected to 
six original dam intakes via a complex manifold (sea Fart II below), but only 
the two initially intended for the pipeline were provided with trash racks and 
opened. There was apparently insufficient water delivered to run three new 
units until the 1921 construction of. a redesigned High Level Intake, with two 
concrete tunnels whose bottom elevations were 20 feet above the Intakes in the 
dam. The tunnels fed a 10-foot-diameter concrete tunnel which took water from 
the High Level.Intake around the dam to the 12-foot-diamater pipeline. Flash- 
boards were raised on the auxiliary spillway, and first installed on the main 
dam spillway, at this time to increase retention of spring high water.60 

Operations, Maintenance, Rebuilding, and Corporate Consolidation, 1921-1993 

Within about a year of installing Unit 7, UGEC raised the flashboards at the 
main and auxiliary spillways, and replaced the turbine runners in units 5 and 
6 with "improved" runners similar to the one in Unit 7. These changes gave 
each of the new powerhouse units a capacity of about 8000 kw, and the entire 
station a 28,000-kw rated capacity.61 In practice, units 1-4 operated only 
about 20% of the time, on peak load or during high water, and leakages dis- 
cussed below soon diminished new powerhouse output to about 26,000 kw.6Z 

Even with these limitations, Trenton Falls Station was among the largest hy- 
droelectric installations in New York State in the mid-1920s, ranking eighth 
or ninth among some ninety-six then running, and was the principal source of 
UGEC power.43 The utility made this station something of a showplace at this 
time, allowing public recreational use of - the site and powerhouse visits. The 
hotels were now closed to the public, however, and became company facilities 
or were demolished. In 1923, UGEC dismantled much of the Moore Hotel and 
remodeled the dining room and porch as an employee Club House, used for pic- 
nics. The Club House stood until-1945, when it was completely removed follow- 
ing the collapse of the roof under snow load.64 

The nationwide growth of public utility holding companies, beginning cl905, 
increased dramatically during the 1920s. In 1925, the General Electric Compa- 
ny and associated investors organised the Mohawk Hudson Power Corporation to 
secure ownership of utilities in the Mohawk and upper Hudson valleys. Mohawk 
Hudson quickly acquired all the common stock of UGEC, which remained under 
separate management. Mohawk Hudson utilities became part of a larger electric 
network interconnected across the state, and benefitted from some consolidated 
management practices. An even larger holding company, Niagara Hudson Power 
Corporation, emerged in 1924 as the world's largest electric utility system, 
and acquired Kohawk Hudson, along with two other large New York utility 
groups. One early Niagara Hudson management goal, consolidation with Mohawk 
Hudson, finally occurred in 1937 as part of a larger consolidation of compa- 
nies within Niagara Hudson, then renamed Gentral New York Power Corporation. 
UGEC ceased to exist at this time. In 1950, additional consolidation of orig- 
inal Niagara Hudson corporations created Niagara Mohawk Power Corporation.65 
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There were no significant changes made to Che Trenton Fall* Station under 
Mohawk Hudson, but Depression impacts on Niagara Hudson earnings began a long 
series of alterations designed to improve plant efficiency, upgrade site fa- 
cilities and equipment, and reduce operating costs. These alterations, con- 
tinuing today, reflect the larger engineering staffs and capital common to 
utility groups after 1920, resources themselves dependent on continual atten- 
tion to system efficiencies. 

In 1931, inspections at Trenton Falls revealed leakage totalling 22.4 cfs from 
untreated wooden portions of the 7-foot-diameter pipeline -- most of which was 
buried when first built -- and from the 5'foet-dianteter gate valves at the 
Fourneyron turbines in the old powerhouse, these leaks lost about 2% of the 
plant's annual output of 130 million kilowatt-houre. There were also losses 
of head through the two intakes feeding the 12*feot-diemeter pipeline, and 
friction losses in that pipeline, vhiife. analyst* by Niagara Hudson engineers 
Indicated could be overcome .by opening the four remaining unused intakes at 
the dam. After considering closing the old powerhouse ot running both power- 
houses from the larger pipeline, UGEC rebuilt the did pipeline and completed 
other Improvements in 1931-32 which Increased total station capacity to some 
27,500 kw (a 5% increase) an-d upgraded'safety and hydraulic control features. 

From the dam to the powerhouses, this program Included: 

installing new trash racks at intake pipes- and .adding the four remaining 
Intakes to the 12-foot-diameter pipeline; 

replacing belt-driven intake gate valve operators, on single shafts in 
the gatehouses built c!900 and cl91jf, with Individually-operated, motor- 
ized control* ©parable from the pow^rhduaes an£ the gatehouses; 

replacingC^»Vo^V*,^^|*14^«:^'tj* steel, 6%: aSove-ground steel and 
concrete sa3dfert Witth'n*wj,^te and-.alf valves; 

installing a l&tterfly-valve-control^ed connection from the smaller to 
the larger pJLpeline, allowing operation of tlie new powerhouse from both 
lines and a aaVin$i ^i^^4a4w?^rie^wjhe«'the old powerhouse was not 
operated;. 

repair and upgrading of turbines 1-4, with electric -motor-driven gear- 
reduction units replacing original pelton-wheal gate valve operators, 
welding and restoration of pitted feTorWe ruttner surfaces, and replacement 
of the preawwized-water governors'with variable-speed DC motors linked 
to Westinghouse speed-sensing relays atop each generator; 

installing an automatic signalling device at the upper end of the 12- 
foot-diaaeter 
pipe or drops 

pipeline, to alerted powerhowae operators of breaks in the 
in water 

valves and open-generator 
pressure, and automatically close turbine gate 
:or oil circuit breakers at danger levels." 

The gain in station capacities was obtained at a cost/kw about two-thirds that 
of the station In cl930, and about half that of increment steam energy to 
achieve the same increase.67 

^w^-^^^^^s^*^ 
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For over fifty years, the 1931-32 program of waterpower improvements needed 
relatively little enhancement. In 1933-34, the tfertz Company (Cleveland, 
Ohio) conducted minor repairs and waterproofing of the dam, auxiliary spill* 
way, and High Level Intake.6* At the same time, gate valve operators on 
units 5-7 were replaced by motor-driven butterfly valve operated through 
Limitorque drives. Is 1941, the Lombard governors on units 5-7 were modified 
by replacing the original Lombard flyball head and oil pumps with more modern 
Woodward units, while retaining the Lombard operating cylinders. A floodgate 
was installed,in the main dam spillway.fri" l£51-52*\ Aside from runner replace- 
ments, the laSt\*ignif leant changes In turbine havdwere occurred in 1965 when 
the manually-op«rat;ed;b^akt*<^er*tvirig ag&inet. a* pulley above each runner in 
units 5-7, were moderniaed oy^ihe a1ddi%ion iaf an StirS-compressor and air cylin- 
ders to allow remote «per«ti^n. The'-pipeline, pressure and signalling system 
was also upgraded In 1965 (see HAER No. &M5£*A) .6* 

There were far fewer chAtijeja ajf^r, 1921 «!*£»; in Electrical control, output, 
and transmission facilities*, which were never subject to the earlier design or 
construction limitations se*n in some of the hydraulic features. In 1942, 
Central New York Power biuilt a new substation north of the original transform- 
er yard, and generated directly from units 1-4 to the substation. This pro- 
ject, including rerouting of the old powerhouse transmission lines, led to re- 
moval of indoor air-blast transformers, demolition of an original lightning 
arrester house, and construction of a steel tower immediately west of the sta- 
tion to support ?he.new lines. There wera-several episodes of oil circuit 
breaker replacement in both transformer yards, which were rebuilt cl959. Be- 
ginning in 1965, Niagara Mohawk converted the station to automatic remote 
control, using technology first available in the 1920s, and later upgraded 
these controls (see HAER No. NY-155-A). 

During World War II, Central New York Power intensified use of its hydroelec- 
tric facilities, in some cases reconditioning and moving underutilized, older 
equipment to other sites.70 There were virtually no changes made at Trenton 
Falls Station in this period, but a general War Department ban on public ac- 
cess, to power stations eliminated authorized recreational use of most of Tren- 
ton Falls Gorge. Central New York Power and Niagara Mohawk have to date con- 
tinued this restriction -- difficult to enforce In the face of the gorge's 
fierce attractiveness.n Si*©* World War II, private utilities have built 
few large hydroelectric stations in New York State, and some older sites have 
been retired. Niagara Mohawk has retired about twenty small stations since 
1950, but Intensified used of Its waterpower resources In the 1950s by adding 
seven stations-with total capacities of about 150,000 kw. These included the 
18,200-kw Prospsct Station, opened in 1959 below Hlnckley Reservoir less than 
a mile north of Trenton Falls Station.72 After 1970, hydroelectric energy 
received renewed attention in the face of declining confidence in nuclear 
power, and increasing costs of acquisition ah4 pollution control associated 
with fossil fuels. Maintaining or upgrading older stations like Trenton Falls 
remains a major issue for Niagara Mohawk, which owns over seventy hydroelec- 
tric plants -- one of the largest such networks in the world. Trenton Falls 
Station is still one of the oldest and largest in New York State, ranking 
about thirteenth in rated capacity among over a hundred operating stations, 
even after construction of several extremely large plants by public agen- 
cies.73 
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The value and capFacitsy of Trenton Fall* depends primarily on Ita aging 'and* 
relatively large-scale system of hydraulic controls, which periodically Ire- 
qulra axt'analva attention.    By 1980,  the 12-foot-diamater-wooden plpallna was 
deteriorating and the tipper and of th« smaller pipeline collapsed after a vent 
froze.    A* part of a planned major rebuilding, of the atatton,  including re- 
placement of the fourrteyron units, Niagara.Moha** .between 1983 and 19B5 re- 
moved virtually. *llvof the twoplpellne* aJ^;. tn*ir.*MOciatad atandpip.es and 
vents, replacing-.tham with a aingi*vU*fo6fc-aiametar steal pipe fed by a con- 
crete-lined tunnel running front the. complete* rebuilt High Level Intake. 

The new pipeline program included other hydraulic improvements, with new 
flashboard* me feotn spillways and refurbishing of intake gate guides and 
traahraoke.    The only significant remnants $C.'tfer 1899-1931 pipelines, aside 
from empty saddle*, were below the 1931 cross * over.between the two earlier 
pipelined, above the powerhouses.    On 'the regaining 1Z-foot-diameter steel 
pipeline,  repair of a wood-shingiad Steel siAtge tank in 1983 resulted in a 
fire requiring the complete replaceaent. of: the tanjte.74 

The planned replacement pf the Fourneyran? uri^ts\w*e ftmitually canceled, but 
not before the ft^on. va,*,TrflU«*B|ed' wi^ft tty'&MKl' Energy Regulatory Com- 
miasion for oper*fl&s%i vi^V^y,Wt4.^-f*'j;-irt^r^'|^a'wk oaaaed running 
unite 1*4 in bfs£*l9stj> *ufe*feeaW&taNto«i*$': t^lsri£4**a. us\i of unite 5-7. 
Current maintenanca involves japlateaent of rgntteX* and upper draft tubes, to 
address cavitation noted el9M> ank co«pleti«n of af"tff9$-?& program upgrading 
dam surfaces, drairta^^tjfeei^. fgltf^oevd*^ ap.atairtoays (see HAER No. m- 

Significance of Trenton Falls Station 

Hy4attltsfirig.,Bfl^fllflSBint 

For many years,. Tranton Falls Station has been regarded as significant because 
whan first byilt it had the [thenj highest-head reactipn wheels in the United 
States, end\£he firat such turbines n..d»a|gn*d;according to modern scientific 
methods .fcjfcw, ~&B*«l&#a designer and .. c6t»truc-te4 by an Aawpicat? builder."76 

if one ignores .the earlier Installation pf fcij^-b»*4 Pal ton whaals in the 
American West* the first claim is'; •pparantly true.    Developed at a head aven 
higher than Niagara in what was a-t'th* tif*-a'ralatively remote area, Trenton 
Falls demonatrated;tb*t a relatively aiitil^company could coatpleta a project of 
this scale, and provided added, assurance fco prospective investors in high head 
plants.    Tits stat|.Ws general intpaci: oft new. development is hard to-measure, 
however.    Regional geology constrains ms*t Egfctirn i^nerican sites to be low 
head, and the :4w*-pximateiy 12*Bile tr#naffltt*ion distance between the old pow- 
erhouse and Vtica was .hardly p*th-brea4cin|.-rela:tive to' trans-Miseisslppian 
developments <Table tj. 

i7 i v,>-ii "U\ .r.,**.V,',  . ,    ^, „ 
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The claim* made for early American turbine design are overstated. It is true 
that Trenton Falls, like the first Niagara station, had reaction turbines 
designed and built specifically for these high-head applications, in contrast 
to the use Of Standard or stock American-made turbines, which were not at the 
time usually available for heads over about 70 feet in reaction models. Al- 
though William Monroe White's adaptation of the Girard design may have been 
original► the clear re-use of Swiss-made Fourneyron patterns for the main 
Trenton Falls wheels belies his reputation as a theoretical designer. 

If design originality is measured against^engineering judgement, these tur- 
bines were a'techribl-ogtesal «&£&& end rather, than * significant achievement. 
Trenton Falls Station was first designed and built during the period of devel- 
opment stimulated bj 'theNiagara Falls development, and before the earlier 
station's design'-sfiortcomlngs become widely known in the engineering fraterni- 
ty. Had Utlca Electric Light and Jf^er waited another few years to build at 
Trenton Falls, Cfte turl?in*s'CM^ti?^^^1!^^ have been quite different from 
the package presented by Brackenridge in 1899 and built the next year. 

In contrast to the turbines, the 1899-1901 electrical systems and equipment, 
along with the dam and powerhouse designs, represent durable although not 
necessarily highly unusual choices. Clearly a transitional installation, the 
original Tr«nton Falls Station was among the first high-voltage systems In the 
eastern United States (see Table 1), This station also combined the then- 
novel Eastern American use of high-head generation with older technologies, 
notably in the -varied and extensive use of water power for many plant opera- 
tions. Station designers were perhaps not Sully trustful of their new tech- 
nology, relying on the more proven hydromechanieal drives lor turbine gate 
valves, water pumps, station service generator, and governor operating cylin- 
ders. Soon after this station was built, all such auxiliaries would have been 
powered by electric motors. 

Surviving SlCft Resc-urcejB 

The Trenton Falls Station today is most significant as a fascinating study in 
contrasts between two very different generations of hydroelectrical engineer- 
ing, physically juxtaposed in-one powerhouse structure. Dramatic differences 
in the scale and style of the two powerhouses immediately highlight the major 
episodes of equipment design, construction, and installation. Despite the 
removal of the long pipelines linking the dam, to the powerhouses, survival of 
the dam largely unaltered preserves the scale and drama of the early-20th-cen- 
tury hydroelectric project (see BAER Nos. NY-155-A and NY-155-B). 

The old powerhouse's highly-engineered, European-styled turbines promised 
much, but for their cost and complexity, delivered relatively little. All 
partial involved in the design were at or near the apex of their careers, 
which along with UELP consciousness of the project's importance explains why 
no details seem to have been spared to make the plant truly first class. It 
is a tribute to the over-engineering of units 1-4 that they are all fully 
operable with no major repairs after nearly ninety years of use -- admittedly, 
light use after 1917. By contrast, units 5-7 are simple, functional, generic 
turbines, like hundreds of others installed at similar sites world-wide in the 
past ninety years. One of the most startling differences is the small size 



TRENTON FALLS HYDROELECTRIC STATION 
HAER No. NY-155 (Page 24) 

increment between Che cwo sets of turbines. The Francis units generate about 
six times the power of the Fourneyrona, with runners only four inches greater 
in diameter (57 vs. 53 inches). Where units 1-4 have separate exciters driven 
by relatively large, complicated Girarjl Turbines, the Francis units have ex- 
citers built onto the tops of their generators. If built to the same power- 
to-size ratios as units 1-4, units 5-7 would be four times their actual size. 

Units 1-4 and their Girard excite** are the last surviving utility plant 
examples of two turbine types that never became popular due to high manufac- 
turing costs and design limitations. Units 5-7 are early examples of a revo- 
lution In turbine design, re-establishing-Amarican dominance in the field that 
would last until the 1980s. The Fourneyron Is only a footnote of historical 
interest In most boolcs on turbine evolution, the Cirard even more obscure, but 
here in one small building they remain in o«e of their finest installations in 
North America. Seldom do quirk* of technology survive in such style. 

The survival of some original Trenton Falls electrical equipment reflects the 
quality of design decisions In a pivotal period' of extant Niagara Mohawk 60- 
cps stations retaining original equipment,, few if any a-rs older. Continual 
change at Trenton,Fails has not left It an intact specimen of 1900 period, 
however. The new powerhouse project included revised control systems for the 
old station. Original air blast transformer*,- low and high tension switches 
and transmission towers were modified or eliminated over the years, until 
today the generators and exciters are the only major surviving pieces of orig- 
inal electrical ga«£- (»e HAER Net. NY-155-A), the survival of the original 
generators and excitare without the control or transmission equipment is not 
unusual: rotating machinery of the period often .achieved efficiencies of 98% 
-- levels hard to atfual today. The original generators are also beautiful 
examples of contemporary heavy electrical engineering, with the flared bases 
and rounded top* ei the stator shells soon to give way to more hard-edged 
utilitarian desifens. The machines were massively overbuilt, partially ex- 
plaining their- long life-span. By contrasts the original swltchgear and 
transformers were both fragile and dangerous fcy modern standards. High-ten- 
sion circuit- breakers naear the control boards Exposed operators to electrocu- 
tion and fire haaUsdfi. "" Numerous auxiliarlifeiwi** controlled by hand-operated 
carbon circuit -breakers which could flash a%fl disintegrate under severe over- 
loads. Indoor transformer* required high tension- leads to be brought into the 
building-with attendant risks. 

* *- 
The new powerhous>. represents a period oJT'increasing 'sophistication in elec- 
trical control.^ Stfiteftitteards .wej^ epjiu^pjfcd fcltfe lew-voltage remote control of 
distant high voltage iwltcheW^\Px©wfc£i«#ds^lces. monitored all functions of 
the generators, .aJLlo^is^o^^^sX t§ W^snti^s *£atifin* without leaving the 
board area. This generation of technology allo^Sd for largely unmodemlzed 
operations to the preaent time, one reason why the-new powerhouse -.- while in 
almost original condiHo/i ^-is by it^e^ neither, aapeeially significant nor 
unique. Coupled wleh th^'bid ^ow^rh'ourfe/h6waverv the new One gives Trenton 
Falls Station a generation-spanning quality rarely seen elsewhere. 
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Part II - Descriptive Information 

Summary of Site Arrangement and Existing Conditions 

Trenton Falls Station is located primarily in the Town of Trenton, Oneida 
County, on the west bank of West Canada Creek beginning about 1.3 miles below 
Hlnckley Reservoir.  The station dam extends across the creek to meet the 
auxiliary spillway, in the Town of Russia, Herkimer County. When 
Utica Electric Light and Power began station development in 1899, it acquired 
about 106 acres on both sides of the creek (including water rights), on about 
40 of which all major station components have since been built. With other 
land abutting the project purchased into the 1930s, Niagara Mohawk today owns 
over 129 acres In the immediate station vicinity.77 

Station development had several effects on Trenton Falls Gorge.  All traces of 
the 19th-century resort development were removed by 1945, except for a Moore 
family cemetery just outside Niagara Mohawk property, west of the substation 
on the bluff above the powerhouses. Large amounts of rock were removed from 
the west side of the gorge at the powerhouses site, and at the dam site, espe- 
cially the auxiliary spillway. Except during snaftng run-off, when water roars 
down the gorge, the dam and diversion^ of waiter -for station use leaves the 
rock-bottomed.canyon dry\ Constructing^ pipelines and roads between the 
powerhouses .aijftrthl daat has" semovafc tlje forest-cover which otherwise spills 
over the sides of tne gorge. 

The station is a relatively complex site, with four major groups of components 
spanning a distance o£ about .75. iile aloflg the creek along the south-flowing 
creek ; 

the dam and headworks, including the auxiliary spillway, intake and waste 
pipe controls on a headworks structure, with c!900 and cl918 gate houses, 
connections between intakes and pipelines, and the 1921 High Level Intake 
modified for the 1984 14-foot-diameter pipeline; 

pipelines built or modified el900-01, 1917-23, 1931-32, and 1984-85, with 
associated standpipes, valves, vents, and surge tanks; 

the powerhouses completed in 1901 and 1919, with associated penstocks, a 
lightning arrester house, and substations built or modified beginning in 
1942 including a hoist house; 

storage buildings or barns, and employee residences. 

The average pond elevation behind the dam. is about 39.5 feet above the intakes 
which fed the 12-foot-diameter pipeline, [which dropped some 112 feet over 
about 3600 feet to a manifold attached to penstocks feeding units 5-7.  These 
penstocks dropped over the edge of the gorge 106 feet to the turbines, set 8 
feet above average tailwater in the creek bed, for a total average head of 
about 265.5 feet.78 The 7-foot-diameter pipeline ran nearly 3900 feet and 
had different elevation points, but the head was identical. 
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The pipeline* predating 1984 art gone axe*^ for -saddle* and retaining walls,. 
and tha lower anda joining the turbine #**a't©<iks. ' fha nawas-t pipeline create*^ 
a radically difforani: link baftyeajs tha^dam rtt*. and powerhouse area., and at 
present ha* no historic s^^fioanc* **»*$&.*,»" an artifact of continuing sta- 
tion ua*.    8«Mt e£ t^a-*axli«r •%Uiaxy:>^u.atur*a survive, but aany h*v* 
been demolishad «; irojbt&lfc, awd jaftne- aj^aat individually significant.    By 
contrast; tho powarhouaae and-*ui&*t«tiiM> ar**/Nit>4^h» 4*a and haadworka com- 
plex, rattift; watffc oci^inai ,««^itt;'i^ |^'$ra^#^-f*Ua Station virtually all 
of its historic iaportanc*.    Tha povarfaouaa* and attestation are described in 
NY-155-A; NY-155-B covers tha d*» And ha/adworka, ""T}U ethar,  l*#$*ly vanished 
component* *r* dofctaaantad balow. 

Pipelinaa Prior to lff*4 

Opan racea, tha-original convtyoxa of watarppwar, .are not efficient in hlgh- 
head situation* -wit* .long dia&aric** aftd-irregular t*rfAin.    To maintain oon- 
siatent watar $r ***«*,, cloaed «i«^,at-pi|>aa'aoeT|. became coamon at hydroelec- 
tric ln*ta.il*£ionfr 'fo-*#efc-*ttu«ion%,**- fittfi continuous pfeaauar* conduits, 
it-is aeaawhat *rbifc*ar# to 4i*tit^^th pipalit^a'froa penstocks, which deliv- 
er water directly *» >tiEj&gptv  At Tsranfeon Fall*, ,«■ fairly typical distinction 
appears in originiil drawin^;#r,daae^iptioiis,;^ beginning; at 
tha edge of tha 9»*f*v jUs^liaifitfjGiJif lew«#t>t«wl£toe or surge tank,   tha 
pipeUfte-a war* ^i##l &t;l^0^^i^^^ttU<^}^ta cl9QG-l*30, reflecting 
a praferenca to alwimi**' $»aa .a&isrig. $n#vms. v#3Sfe *X* readily tr*naportabla 
to r*aot« araaa *n4b#v* low e^^y^t*,^ ^riitioti.   Oftaft ehaapar than 
welded :-or, riveted &«<fl> wQ&flf£%ti&$ /r«i^#'-no:*^|ia3Wl«n\^oiti6a and are 
lass pren* to $taa«&ifc*   Iron or ataal fcottfes^geak tlir^u^..eastr-lron. dogs and 
bent over,, rat*i^^ ^N^ sections^   Gr^i^jr^as^ajir^: requires mora hoops 
par running fw^lttW^ ^^^M^^^^\^^^ ^h^^A^^-'^ hoop* are 
so close togeth*r^^t"*^i#.^^ -~ 

High-h*«4 .p:ipaHaoa operate under considerable pt*aaMre, and era subject to 
two principal typas &$ catastrophic. fatiUire. ' e$dHq&4lp#ute of turbine gate 
valve*,: while .plp*Ip#» ^fi^aajA**:''-^*^^!!.^e^i$rL^4!S4a%^aHfa to severe water haamar 
dam*ga with u&$en^n»bie_ y^^H^M^vtm^M S^»rth^ pipe Una.    tha 
opposita probtaft., of ttstfden loss Of pr*sau*a in tha pipeline, can occur if 
turbin* -g*,t*f-taaain «p»n whan instffce-f *&o**r *tor,a,|a, p^nd, lave!*' Suddenly 
drop, or-l$* wafcar ool*«# j»i»t#iNft"*fc *m-.^l»rA>pt-«fe#^f^Tftioolln*^rj^iatit. 
These condition* eat* erem *w&sj$i^^ *t*nd- 
pipes ot surge t*nk*.y- l0^eda*4>#k:ift*#«^$fto bottom alav«$tonst pravant 
water hanteejr daaaga, **id raquirod vAr^ioal.pipas a* large as tfea'pipalinea 
reaching *lav«ticms hl^ier thfttiany pptaibla ^ond level. r^Xo' allow air to 
enter =th» pipaUna i«ffladiat«iy upon ajiywatsir coluroa interruption, hydroelec- 
tric engineers inatallad smaller stATfeJpipes of 1***'diameter than tha pipe- 
line, or float-actlvatad air valv«af it ^pfR-p^pa^iW'alavations and at any 
sharp jsradiait fejaangas.    Prevention ejr free^fe^vas »«*ential for all vanes, 
stendpipee, or ralatad strtict^ras^   ftahton Falls Station Included auch typi- 
cal pipaline acceasory faa^ure*,  fully devalopad by the time of n«w powerhouea 
construction,  including a differential surge tank on tha 12-foot-diametar 
pipalina" 
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Initial Construction, 1899-1901 

At the dam headworks, a cast-iron Y-shaped connector entered the pipeline from 
two 5-foot-dia»etar intake pipas, beginning immediately south of the gate 
valves in the valve or gate house (see HAJ8R Kcr, NY-155-B.)- For about 2900 
feet, the pipeline consisted of 2 3/8-inch-thick untreated yellow pine staves, 
set longitudinally with twenty staves forming the pipeline circumference and 
banded with iron hoops closed with iron dogs. See on pine sills, most of the 
wooden section was buried. The lower 987 feet of pipeline was lapped, riveted 
steel plate, of between 3/8 and 5/8 inch thickness, mill-coated inside and out 
with asphalt pitch. Angle iron stiffened the 3/8-inch-thick plate. The steel 
pipeline also ran underground, except for the southernmost 100 feet which 
joined a single penstock to the first powerhouse- (see HAER No. NY-155-A). A 
7-foot-diameter, 175-foot-high seaadpl£*, 20 feet high than the dam crest, 
rose from the pipeline about 150 feet from the penstock, guilt of 5/8-inch- 
thick riveted steel plate, the standpipe was sheathed with an 11-foot-diame- 
ter, wood*shingle frost casing 165 fe%t high, rising from a 12-foot-high, 23- 
foot-diewser^ohcravte foundation. Thf vs£ss»4pip* &as steam heated in winter, 
had 96 60-watt lights, on the outside <M  the £rost casing, and was equipped 
with a baacc$ Jtj£it. threefsimlill^t 'Sir ven** *^*0 served the pipeline, the 
largest of whlftfrrwa* a i-foot-di^tV^cisty.ron pipe immediately below the 
gatehouse. Running into*" $tt? frtyiftint from t%»  slope just west of the 
headworks, Hi la. vent was 43 fast high, and shea^hei"-with a 4.73-by-4.2-foot 
wood casing .84 *„*..',. 

*,■*■*' •     "'        *  3     '       *,**"'" 
-■'     *   ' *      "V *■■ 

1931 Rebuilding 

Farrat and Treffca (Buffalo) replaced the wood pipeline section with an 2757- 
foot aboveground line of 3/8-inch-thick steel plate, with electric-welded 
longitudinal.and rive-fcad girth joints1, and *l»ven expansion joints. The new 
pipeline reatad oft concrete and atae! saddle*, .and crossed a small ravine on a 
plate-girder bridge about 1300 feet "south of the dam headworks. The original 
steal section, standpipe, and uppermost air vent were retained. Two 8-inch 
air valves at th*-pipaline's highest elevation, about 1200 feet north of the 
7-foot-diameter, standpipe, housed'in a 6-foot-high, 7.75-by-8.3-foot frame 
structure. Th* 1931 project also included installation of a 7-foot-diameter, 
5/8- inch* thick rt««I plate cross-over pipe between the two pipelines.85 

Modifications and £«ttev*l 

Niagara. Mohawk removed the standpipe in 1959, replacing it with an access 
port, A Liraltorque gate valve, Installed within a concrete bunker just beljpw 
the cross-over pipe, may have been added at this time. After construction of 
the 14-foot-diameter pipeline in 1954, the 7-fpot-diameter pipeline was re- 
moved above the. cross-over between the two older pipelines, leaving the south- 
most 350 feet of th* original steal pipeline, empty saddles, and a short sec- 
tion of pipe at the dam headworks.89 
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12-Foot-Dla—:tar Pipeline Serving New Powerhouse 

Initial  Construction, 1917-X&23 

The pipeline serving the new powerhouse tapped a complex array of six 5-foot- 
diameter intakes installed in the dam when the old powerhouse was built. Of 
eight intakes, the western two fed the original pipeline, The next two to the 
east, plus the easternmost four installed-nine feet below the western intakes, 
required an unusual connection to the new pipeline, including continuing use 
of the two easternmost intakes as waste pipes. Immediately south of a new 
gate house controlling the'six intakes, and fret within a greatly enlarged 
concrete headworka structure, a steel reducing manifold centered at the eleva- 
tion of the two higher (western) intakes linked the intakes to the 12-foot- 
diameter pipeline. Cast-iron bend* and Y-shaped connectors linked the four 
lower intakes to the manifold, and also allowed the two easternmost pit>e« to 
continue through the headworka,87 

From the manifold, the northern 2680 feet of pipeline consisted of Douglas fir 
staves with iron bands and dogs, supported on 423 concrete saddles averaging 7 
feet apart. Cement grout joined the wood pipeline to the saddles, some of 
which rested on concrete piersi 10-to-20 feet high at several points as re- 
quired by terrain. One plate-girder-framed, 75»foot*long, concrete-slab 
bridge supported the wood pipeline over the same small gully later traversed 
by the rebuilt 7-£obt-diaaeter fip«. The southern 710 feet of pipeline was 
5/8-inch-thick riveted steel, constructed in 8-foot sections on 36 concrete 
saddles, ending in another steel reducing manifold on 4 concrete saddles. The 
southernmost manifold reduced the pipeline to 9 feet in diameter and joined it 
to three separate 7-foot-diamets«r penstocks feeding units 5-7. Concrete re- 
taining walls ran along the slope edge above the penstocks (see HAER No. NY- 
155-A ).8« 

The 12-foot-dlaaeter pipeline was built between the earlier pipeline and West 
Canada Creek, an extremely narrow construction area. Proximity of the two 
pipelines required nearly 700 feet of thin concrete wall between them, in- 
stalled discontinuous^ over a distance of some 1500 feet below the headworks, 
to maintain the earthen cover on the old pipe and protect the burled pipe 
against blasting. For about 800 feet below the dam, the new pipeline ran 
along the edge of the creek, above a l2-to-15-foot-high concrete retaining 
wall protected by an 82-foot-long flood diversion wall extending into the 
creek south of the railroad treatle. 89 

A steam-heated, 9/16-inch-thick, steel-plate, differential surge tank rose 187 
feet above the pipeline about 150 north of the penstock manifold. Above a 12- 
foot-diameter f 110-foot high risar, the 40»foot-diameter, 69-foot-high tank 
had a 619,000-gallon capacity,'and rested on 140-foot-long. steel girder legs 
set on six 22-foot-high concrete bases. Shingled wood casings surrounded the 
tank and riser, 52 and 18 feet in diameter, respectively. Construction of the 
12-foot-diameter pipeline included a heated, 55-foot-high, 6-foot-diameter air 
vent at the lower end of the dam headworks, also wood sheathed.90 

, s j ,'j 
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Addition of the High L*vel Intake in 1921 included linkage of a 10-foot-diame- 
ter steel pipe to the 12-foot-diameter pipeline, about 35 feet south of the 6- 
foot-diameter vent at the headworks (figures 9 and 11). In 1923, after all 
three units in the new powerhouse were operating, UGEC added a second, 4-foot- 
diameter, 77-foot-high standpipe about 1150 feet north of the surge tank, at 
the highest elevation on the pipeline. Heated and shingled like the other 
pipeline vents, this standpipe Included a gable-roofed, 18»by-30*foot frame 
structure at ground level, with an I-beam-supported concrete floor, a door, 
and a single window. 91 

Modifications and Removal 

There were few intentional modifications to the 12-foot-diameter pipeline 
prior to its 1985 removal. During the 1931-32 program of hydraulic repairs, 
the automatic signalling device, capable of automatically closing new-power- 
house turbine gate valves and opening generator oil circuit breakers at danger 
levels, was installed at the 4-foot-dlameter standpipe (perhaps associated 
with construction of the house-like structure noted above).92 The signalling 
device was upgraded in 1965. In 1931, a 14.8-by-9.5-foot frame air-valve 
house was Installed on the pipeline at a location not clear from materials 
reviewed for this documentation, and the cross-over pipe and butterfly valve 
noted above connected the two pipelines.93' Following the 1983 fire at the 
surge tank, a new structure of * tailed site was completed in 1964 using the 
original base supports, but without the wood sheathing -- by then believed 
unnecessary for winter protection.94 

The 1985 removal of the 12-foot-pipellne left conditions similar to those 
noted for the 7-foot-pipeline: the sowfcfcmost 180 £••£ of the original steel 
pipeline and penstock manifold, empty laddie*, and' a short section of pine at 
the dam headwo*fea.* $$ .''.'-. 
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Auxiliary Structural 

In addition ta,19th-,c»tttury pudding* aa*e«£a$*d vith the »oor« H*tel, all 
probably deracinated, by ltfcSv the «tllitjta#©Wii^ TttHtten fall* Station built 
th* following structure* \ 

1. 

2. 

3. 

4. 

6. 

7. 

A'-tmM&MJr, cr©»s-$ab-lad frago* Da^^ataVaapar House, about 57 by 28 
fa*t in plan, built cl900 and ua*d a»- *n employee residence until 
iiamoUahwjkin'iSa *     - 

A-1909 fiaae swd-jM&oty bam and/o^-atory garage, with concrete 
faundatton, ©n ehe'MA.JWgA 'sf *&» ffowerhouiaa; not extant.97 

A'li.l^ fewe*atoiry, con<s»eta*and*£r«6« euparifteemdent's houaa, about 
44 lay £*jfi**fe, on the «*jfe"fMft* twttats.* 

'   ' -   .., * 
Al9if «tfft-»1EMQpfcejfcrk,a&Bu*;"lWH|t&< fees; not extant." 

A, 192a concrete oil Mfiftr on th* bluff abeve the nay powerhouse, 
about l^if 10 £a#t>11*> j$ft$3Nt- &te£> p*i*tbiy &*$aU*d cl917 as 
a, coiforftle^^oua* J^^jfe? ^o«i^*a.c(MMitrue£ipn; ^aaoltahed 

A ita&^j^jhtr** "tfee^^prlfttewtatf1* bousa; deraolithed. 
^ 

A 1930.£p|N$e> iitefai^^Mf'j^^iEa^^g ttea dam,  About- 50 by 20 feat 
wt^7fc;W&fo£w metal building in 

A 1933 »te»^£xa»«£, ,iwi*l-sided hoaa liouse on the bluff above the 
new JWWWH$*U#«;'-Sft e^fi^.^ ///' 

<?«,^ 
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Fart III - Sources of Information 

Original Drawings 

Niagara Mohawk Power Corporation has over 1600 historic or current plans and 
drawings, the great majority of them on microfilm, at its headquarters. These 
materials include many contractor or consulting engineer plans prepared for 
original construction of the dam, headwords, pipelines, powerhouses, and sub- 
station, with a number of plans showing ptHfp»*ed features or equipment not 
installed,. The «arUe>t drawings date firom' 1899. Moat drawings are coded 
with a system tntt^dHce.4 fttef^totftv-6f. them'yer* originally prepared. The 
system is basedv-on%iffet'e^^si^«^ electrical'^ hydraulic, and structural com- 
ponents. Drawing's «\&4& rW-this* documentation^ with their codes, are listed 
below. Other drawings are listed for HAER Nos. "UY-155-A and NY-155-B. For 
access, contact: 

-."**'.-        • - i 

Environmental Quality Services 
Niagara Mohawk Power Corporation 
300 Erie Boulevard Vest 
Syracuse, NY 13202 
ATtN <1993):  Scott D. Shupe, Environmental Analyst, tel. 315/428-6616 

WO ggflM or UfogfoU SffflM 
Niagara Mohawk Power Corporation 

1989a   Constructed West Canada Creek Project. Trenton Development. 
Intake, Pipelines and Surge Tank. Profiles, Section and Eleva- 
tion. License Amendment Exhibit F, Sheet 5A. 

1989b Constructed Vest Canada Creek Project. Trenton Development. 
General Plan - Dam and Spillway. Plan, Elevations and Sec- 
tions. License Amendment Exhibit F, Sheet 4B. 

1989c Constructed West Canada Creek Project. Trenton Development. 
Detail Hap, License- Amendment Exhibit G, Sheet 5A. 

2-X7-HQ; CfilMHTgl 
BrackinrIdge, V.A. 

1901    Utica Electric Light and Power Company. Map showing location of 
Dam, Pipeline and Power House. No. R-106. 

2-X7-H2; Pgps.fr ftmr mftnc« „ Pihft* 
Brackinridge, V.A. 

1899a    Utica Electric Light and. Power Company. Vertical Section of Dam 
showing Waste and Motor Pipes..No. A-6 

1899b    Utica Electric Light and Power Company, Horizontal Section of . 
Dam showing Waste and Motor Pipes. No. R5. 

1899c    Utica Electric Light and Power Company. Map showing location of 
Dam. No. R12. 
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2-X7-H3; EntriH f^tttet g«w) 
Utica Gas & £l»ctrlc Company 

n.d.     Trenton Fall* Extension. Profile of 12' Dla. Pipe Line. No. S- 
90. 

2-T7-H6: Pln« Line. Tunnel*. &'Canal 
Buffalo Niagara & Eastern Power Corp/Utica Gas & Electric Co. 

1931    Trenton Falls Plant. Details' of House for Pipe Line Air Valves. 
No. 10763. 

Hurray, Thomas E./George A. Orrok 
1919     Trenton Falls Extension. Proposed High Level Intake and Con- 

necting Pipe. No. 5994[?]. 

2-T7-HJ.3: Powarhoniea - Superstructure 
Anonymous 

cl942-5a Trenton Falls Dam Building Inspection/General Plan. 

cl942*5b Trenton Falls [Powerhouses} Building Inspection/General Plan. 

2-T7-H21; Turfrinttfi ft ggYemgrs 
I.?. Morris Co. 

1900a    Utlca Electric Light & Power Co./1700 HP Turbine Wheels (pro- 
posed).  No. 3672. 

1900b    Utica Electric Light & Power Co./1700 HP Turbine Wheels (pro- 
posed). No. 5686. 

1900c    General Arrangement of Governor/1700 HP Turbine/Utica Electric 
Light & Power Co. No. 5751.. 

1900d   General Arrangement. 17p0 HP Turbines, for Utica Electric Power 
& Light Co. No. 5753.- [also a 1901 version, 2 copies] 

1900e    Wheel and Distributor/100 HP Turbine for Utica Electric Light & 
Power Co.  No. 5864. 

1900f    Casing and Cover/100 HP Turbine for Utica Electric Light & 
Power Co. No. 5865. 

I900g    General Arrangement/100 HP Turbine for Utica Electric Light & 
Power Co. No. 5692. 

Pelton Water Wheel Co. 
1899    Proposed Arrangement of Pelton Water Wheels for the Utica Elec- 

tric Power & Light Co. [no no.] 

Platt Iron Works 
1917     Trenton Falls/Sketch of 57" Wheel Settlng/Utica Gas & Electric 

Co.  No. 60312. 
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2-X7-.H5;, g^nftgfll Smfay, md M«n 
Anonymous " 

1935 Trenty&i'falts Bydj^-Yiliit/LoG^tio^ Map of Buildings and Struc- 
tures/ Oct.   15,   1935."  Dwg. No.'21787. 

Historic Views 

There are £ev available photographs before the construction of the new power- 
house. Some appear in ElectrlGMl World  1906, and a small number are in pri- 
vate hands (see HAER No. NY-153-A). Niagara Mohawk Power Corporation has over 
1000 historic views at its headquarters, in several collections, including a 
small number of pre--1917 views, ' Aside from published views In White 1918, new 
powerhouse construction photographs appear rare, but after cl919-20 the Niaga- 
ra Mohawk collection provides a very full record of changes made at the sta- 
tion. For access, see Original Drawings, above. 

Interviews 

Many Niagara Mohawk Power Corporation employee* provided valuable information 
during research for this documentation from March to May 1993. At the Syra- 
cuse headquarters, engineers, designers, and analysts included Paul Bernhardt, 
Robert Easterly, Joseph Flood, Samuel Hirschey, Jacob Nizlol, Gary 
Schoonmaker, Robert Shantie, Soott Shupe, and Joseph Vlau. Edward Cooney, 
Harbor Point control supervisor, a$d past .or present Trenton Falls Station 
operators George Dtfitefanie, Robert Golan-, Robert Jones, and Wayne Richard 
shared years of.personal station management experience. 
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Sources Not Yet Investigated 

More intensive use of available plans and historic views might reveal addi- 
tional structural or station history details, presumably minor in nature. 
Further interviews.with past and present station operators would yield useful 
information on equipment performance or hydraulic problems since at least 
cl945, as w»ll as first-hand perspectives on operator staffing and organiza- 
tion patterns. 
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TRENTON FALLS HYDROELECTRIC STATION ON VEST CANADA CREEK 
(base map: Remseri U.S. Geological Survey 7.5-Minuta Quadrangle Sheet) 


